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RESEARCH MEMORANDUM

LOW~-TEMPERATURE IGNITION-DELAY CHARACTERISTICS OF
SEVERAL ROCKET FUELS WITH MIXED ACID IN MODIFIED
OFEN-CUP-TYFE APPARATUS

By Rlley O. Miller

SUMMARY

An Investigation was conducted to determine possible rocket fuels
that ignite spontansously at low temperatures with mixed acid (nitric
lus sulfuric) in & more reliable mammer than crude N-ethylaniline
% oncethylaniline), a rocket fuel in current use. By means of a bench-
scale technique a number of fuels were determined to ignite with mixed
gcld at subzero temperatures; several of these fusls were lnvestigated
over a more extended temperature range.

With mixed acld, the following fuels showed generally shorter and
less varisble ignition-delay intervels than crude N-ethylaniline (over
the temperature range of approximately 80° to -40° F): mixed butyl
mercaptens, 70-percent (by volume) furfuryl alcohol plus 30-percent
crude N~ethylaniline, 63-percent furfuryl alcohol plus 27-percent crude
N-ethylaniline and lO-percent methenol, 70-~percent furfuryl alcohol
plus 30-percent xylene, 35-percent furfuryl alcohol plus 65-percent
crude N~ethylaniline, SO-percent commercial gum turpentine plus
10=-percent propylene oxlde, pure N-ethylaniline, and commercial gum
turpentine, Summaries of self-ignition data for these and other
fuels are presented.

INTRODUCTION

Recent experiments in which the rocket propellant, crude N-ethyl-
aniline (monoethylaniline) and mixed acid (nitric plus sulfuric),
falled to ignite satisfactorily at low temperature (reference 1) indi-
cate the necegslity of a knowledge of the self-ignition propertles of
certain rocket propellants at low temperatures, as well as at moderate
temperatures, lnasmuch as rockets may be requlred to start at high
altltudes or under arctic conditions.
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In the evaluatlion of rocket propellants to determine self-
ignitability, optimum economy of materlals and safety to psrsonnel
meke smell-scale experimental estimates of ignition characteristics

,desirable before full-scale experiments are underteken. Care, how-
ever, must be exercised i1n making estimates of propellant ignitability
from data obtalined with small-scale ignitlon-delay apparatus because
guch factors as mixing and gecmetry tend to restrict numerical resulis
to the apparatus used. The ignition-delay interval is, in gemeral, an
arbitrary quantity defined for a specific apparatus as the time Inter-
val between definibte starting and ending conditions.

1395 "

In epite of the geometry and mixing restrictlons, previous
investigations (reference 2) indicate that not only lengths but also
degrees of variation of ignition-delay intervels obtalned with smell-
scale apparatus are signlficantly characteristic of propellant combin-
ations. Moreover, combinations of propellants that give comparatively
ghort delay intervals and smell variations in delay intervals in small-
scale ignition-delay experiments also show desirable ignition charac-~
toristice in rocket enginss. e

Various investigatilons have been conducted in Germeny, England,
and the United States in which small-scale apparatus was used for the
egtimation of propellant self-ignition characteristics. The methods .
employed may be divided into three general classes: (1) open-cup
methods in which one propellant is made to fall into or i1s injJected
into the other propellant; the ignition~delay interval is determined
either by high~speed photography or by electronic equipment (refer-
ences 2 to 6); (2) a method used in England in which the propellents
are Iimpinged as low-velocity Jets in & horlzontal plane in open air;
the ignition-delay Interval is calculated from the distance the propel=-
lants fall from the point of impingement to the point of ignitlon; and
(3) methods in which the propellants are injJected at high velocitles
into a chamber; the ignition delay is measured by high-~-speed photog-
raphy or electronic equipment (references 7 to 9).

The open-oup methods are preferable to the implnging-Jjet methods
for investigations of the comparative self-ignition properties of a
number of propellant combinations according to reference 2. Although
the open~-cup methods tend to glve considerable variation in ignitlon-
delay intervals, the data appear to be more independent than date
obtained by other methods of arbitrarily selscted fuel-oxldant ratlos,
which may or may not have been optimum for any particular propellent
combination (reference 2). Furthermore, the open~-cup methods are more
convenient to set up end less time-consuming in obiaining experimental
results, Although some ignition-delay data from open~cup-type experi- .
ments are avallable for propellants at low temperatures (reference 4),
nmost of the experiments in whilch these methods were used have been con-
ducted at room temperature. -
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An investigetion of the self-ignitlion characteristics at moderate
and low temperatures of possible rocket-propellent comblnations was
conducted at the NACA Iewls laboratory to suggest, for use in rocket
engines (reference 1), several available fuels that remain fluld and
ignite sponteneocusly with mixed acids at low temperatures in a more
reliable mannser than crude N-ethylaniline.

A modified open-cup method was used to obtain ignition-delay date
for approximstely 60 propellant combinations. Innovations in cooling
the propellants and bringing them into contect and in timing the igni-
tlon delay provided an apparatus with which the date could be con~
veniently obtained.

Summaries of the ignitlon-delay date obtained are presented herein.
Both lengths and variations in the ignition-delay intervels (the approx-
imate period of time that elapses betwsen the first contact of fuel and
oxidant and the first detectable appearance of flame) have been con-
sldered in meking estimates of the comparative ignitebillity of the
fuels with mixed acids.

APPARATUS

The function of the apparatus was (1) to bring the fuel and the
oxidant to & selected temperature (80° to -50° F), (2) to bring the
fuel and the oxidant into mubtual contact at this temperature, and (3)
to measure the time interval between the start of this contact and
the first appearance of detectable flame. The epparatus (fig. 1) con-
slsted of a temperature control system, a firing mechanism, and a means
for measuring ignition-delay lintervels.

Temperature-control system. - The tempemture-control system
(£ig. 1) consisted of a clear glass Dewar cylinder (2—- in. I. D.), &

coolant pump, & dry-ice bath and heat exchanger, and 'bhe required
plping and valves. At the beginning of the experiments, the tempera-
ture insgide the Dewar cylinder was controlled by two manually operated
needle wvalves but later the temperature was auwtomatlcally controlled
by an electric solenold valve and an adjustable temperature-actuated
swltch., The Dewar cylinder contained a thermometer for indlcating
coolant temperature.

Flring mechanism, ~ The flring mechanism used 1s shown in figure 1.
4 1- by 8-inch pyrex ignitlon-type test tube conteining a glass ampule
about 9/16 inch in diameter was held partly submerged in the coolant in
the Dewar cylinder. A stainlegs~ateel rod when hit by a weight that
fell 6 inches crushed the ampule, releasing the fuel under the surface
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of the acid oxidant. A simple trigger pin was used to support the
droppable welght (approximately 0.4 1b) in a guide tube before firing.
The microswitch, which was mounted on the firing mechanism, actuated
the timing apparetus when the weight hit the rod.

. Ignitlon~-delay measurement. - The instrumentatlon by which the
lgnition-delay data were obtalned Included a photoslectric pickup unit,
an electronic-relay-amplifier wmit, an oscilletor, and an electronic
counter, The clrcult was so deslgned that the counter would register
the total number of cycles from the oscillator (1000 or 10,000 cps)
between the ingtant the welght hit the rod and microswitch and the
ingtant a flash of light, sufficiently bright to affect the photo-
electric plckup, appeared in the test tube,

A high-gpeed motion~plcture camera capable of speeds up to
3000 frames per second was used to photograph and time the action of
several flrings, The camers was modified to permit the recording of
timing marks on the edge of the film as it was exposed. This modl~-
fication conglsted of a amall argon bulb inside the camera, con~-
nected to the oubput of a calibrated oscillator. Another argon bulb
comnected to & battery in series with the microswltch on the filring
mechanlsm was photographed to indicate the instant the microswitch
was tripped.

FUELS

Some of the fuels investigated were used as supplied, others were
blends or mixtures.

Crude N-ethylaniline. - Crude N-ethylaniline (moncethylaniline)
and mixtures of crude N~-ethylaniline with fwrfuryl alcohol, 2,5-dimethyl-
furan, hydroxy benzenss, amines, or varilous other ad.ditives were lnves-
tlgated. The crude N-ethylaniline was & commercial product obtalned
from the Bureau of Aeronautics, Department of the Navy. The following
analysis 1s the average of several samples of crude N-ethylaniline:

Porcent

by weight
Aniline 06H5‘NH2 ® & 8 © & & O & & @ & ¢ ® O & & ¢ & € v O s 9 25.4
N—Ethyla.nilMe CGHS‘NH002H5 ® 2 o o 2 o e o s s 0 0 s 0 e e s B0,8
N,N-Die‘bhylanilﬁm CsHSN(CzHS)Z e @& 9 @& e o @& 5 & ¢ € & O o 12. o
Water Hzo ¢ & @ o @ & 8 @ s & @ * & & 0 & 8 ° 6 0 &6 % & @& & a .25
DITFerence s ¢ ¢« ¢ s ¢ ¢ s o ¢ ¢ s 6 o & 5 ¢° ¢ 6 o o s o 2 o o 1.75

Ignitlon characteristics of pure N-ethyleniline, pure N,N-diethylaniline
(constituents of crude N-ethylaniline), and several pure N-ethylaniline =
edditive mixtures were also investigated.

A
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Furfuryl alcohol = xylene blends. -~ Because of the low viscosity
and the availability of xylene, blends of Xylene and furfuryl alcohol
were investigated.

Commercial gum turpentine. - Ignition properties of commercial gum
turpentine and mixtures of turpentine, respectively, wlth propylens
oxide and other additives were investigated. A constituent of turpen-
tine, a~pinene, was algo Investigated.

Mixed butyl mercaptans. - Because they are readily avallsble from
petroleum, mixed butyl mercaptans were Investigated. The composition
(reference 6) was approximately:

Percent
Mercaptan by volume

ISOprOpyl( )20H‘SH..O........IO....l.. l
n-Propyl CHz<CH2.CH2+SH (and tert-butyl

(CHS)SC‘SH) @ 6 8 6 9 ¢ @ ° & & 8 ¢ & * & 0 8 e 4 s e o s o 23
§_e_§"'Bu-tyl CH3 (CZHS ) CHSH . . . ¢ 8 ¢ o e & o @ o & & ® e w o 37
Iso-bu'byl (CH3 ) ZCH' CHo*SH o ¢ o o 2 o ¢ 8 6 3 ¢« 5 ¢ 0 8 o o 7
E—Bu‘byl CH3 . CHZ . CHZ . Hz *SH o o ¢« « ¢ ¢ 0 ¢ 2 s o o o o o s o 1l
AEyl csHllSH * 8 8 & o e ¢ o s e ' e e o o o & s 6 e & & o v 2l

OXIDANTS

For most of this investigatlion, a mixed acid, which was used as an
oxidant, was prepared from reagent-grade 95-percent white fuming nltric
aocid and chemically pure oleum (70-percent H2S04 plus 30-percent S03z).
The composition of the acid approached the specifications of the com-
mercilal mlixed acid used in rocket engines. This laboratory-prepared
acid was used because 1t apparently was more desirable as a reference
oxidant then commercial acid, inasmuch as commercilal aclds mey more
likely contain variable amounts of trace impuritles that might ect as
catalysts or Inhibltors. For more accurate comparison with rockeb
experiments (reference 1), commercial mixed acid was used for some of
the firings with crude N-ethylaniline end with 70-percent furfuryl
alcohol plus 30-percent crude N-ethyleniline and for all the firings
with mixed bubtyl mercaptans.

D e
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The following are the average analyses of the mixed aclds:

Mixed ecid Percent by weight
Laborg'bory proepared Commercial

Nitric acid HNOz and

nitrous acid HNOz (as ENO3) 80.0 79.4
Sulfuric acid, HpSOy4 15.3 18.7
Nonacidlc components®

(by difPerence) 4.7 3.9

8The nonacidic components were presumed to be mostly water.

FPROCEDURE

The tip of an ampule, in which 1 milliliter of the desired fuel
had been sealed, was lnserted into the drilled end of the smashing rod;
mechanism, The test tube was partly submerged in the coolant in the
Dewar cylinder and the trigger pin and the welght were set in place,
as shown by figure 1. The acid (3 ml) was then transferred to the test
tube by means of a remotely operated syringe. The acld and fuel were
allowed to cool for about 15 minutes. (A mock-up of the apparatus with
& thermocouple in an ampule of crude N-ethyleniline submerged in mixed
acid in a test tube showed thet the fuel reached equilibriium tempera-
ture at ~-40° F from room temperasture within 10 min.) After the ccoling
period, the trigger pin was pulled out of the gulde tube by means of a
string, letting the weight fall on the rod and the microswitch actustor,
breaking the ampule, and starting the timing sequence. The temperature
of the coolant in the Dewar cylinder prior to the firing and the
ignition-~delay interwval after the firlng were recorded. After each
firing, the apparatus was washed with water and with acetone,

EVALUATION OF METHOD

Iag In apparatusg. - The method used was checked by high-speed
motion pictures. Several films were taken of the test tube with an
1lluminated background to show the action of the propellants in the
epparatus during the firing sequence. Other films were taken with no
external illumination and with the instruments in operation in order to
check the rate of response of the timing circuit, Most of +the filme
were taken at approximately 1000 or 2000 frames per second. In order
to obtain the best possible definition, these pictures of the apparatus
were teken without the coolant bath; therefore, the propellants were at
room btemperature.

ERET R 4 Sy _M
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The short interval dwring which the apperatus brough the propel- :
lants into contact 1s shown by the positive enlargements from high~speed
motion-picture £ilms (fig. 2), which are silhouette photographs of the
apparatus taken during the first 0.003 second of the timed sequence.

Two lnert immiscible liquids taken at approximately 0.00l-second inter-
vals are photographed in figure 2(a). The viscositles of the liquids
in the ampule and in the test tube were 80 and 6 centistokes, respec-
tively, thus the viscosities of. crude N-ethylaniline and mixed acid at
low temperatures were approximetely simulated. The action of 70-percent
furfuryl alcohol plus 30-percent crude N-ethylaniline and commercial
mixed acid, a combination that produced short ignitiocn-delay intervals,
is presented in figure 2(b). Figuvre 2(c) shows crude N-ethylaniline
and commercial mixed acid, a combination that gave longer ignition-
delay intervals, The first vertical columm of photographs shows the
apparatus just before the microswitch had been tripped by the weight.
The second column shows the apparatus approximstely 0.00L second later;
the microswitch was tripped in each case. The next two columns show
the apparstus 0.002 and 0.003 second, respectively, after the first
photographs were taken. As shown by these photographs, the liquids
were in contasct with each other within 0.002 second after the micro-
switch was tripped; in the case of 70-percent furfuryl alcohol plus
30-percent N-ethylaniline, a preliminary nonburning reaction was
already under way.

Other high-speed motion pictures taken with no extermal illumina-
tion showed that ignition often started with a serles of Intermittant
flashes, which evidently caused scatter in the data obtained. The
intensity and the length of flashes apparently increased during the
early part of the ignition process and the measured ignition-delay
interval was the interval between the tripping of the microswlich and
a Fflash of sufficient intensity to affect the photocell and stop the
timing circuit. A well-defined correlation of the instrument response
with high-speed motion pictures was complicated by the frequent
starting of ignition with this series of flashes. On four records,
however, & flash on the film preceded the times recorded by the elec-
tronic timer by not more than 0.003 second. In each case the photo-
cell apparently responded to elther the first or second flash regls-
tered on the film., Photographic evidence thus indicates that the
combined lag in the ampule bresking, the propellants contacting each
other, and the instruments responding to a flash may be 0.002 to
0.005 second. The ignition-delay intervals reported herein are the
uncorrected values read from the electronic counter.

Variletions in lgnition-delay data. - The data obtainéd from these
experiments substantiate the hypothesls (reference 2) that degrees of
variation as well as lengths of time lag in ignition-delay date may be
functions of propellant combinations., Examples of these tendencles are

T T ——
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illustrated by figure 3, where lgnition~delay intervals of crude
N-ethylaniline and & fresh solution of 70-percent furfuryl alcchol
plus 30-percent crude N-ethylaniline with laboratory-prepared mixed
acid are shown plotted as functions of itemperaturs. The sporadic and
variable nature of ignition~delay date from crude N-ethylaniline is
illustrated by frequent instances of no ignition at subzero tempera-
tures and by a mexlmum deviation from the failred curve of about

0.4 second, which occurred in the low temperature region. The
ignition~-delay data of the furfuryl alcohol plus crude N-ethylanililne
blend were much lesgs soattered with & maximum deviation of about

0,03 second from the failred curve. Comparisons of these and other
propellant combinations indicate that the scatter of results was more
a function of the propellant combination than of the ignition-d.elay
timing instrumentation.

As a consequence of the tendency for ignitlon of certain propel-
lant comblnations to occur over a range of time, a large number of
firings of each propellant combination at varlous temperatures would
be required to eliminate all elements of uncertalnty in comparing one
combination with another. Because expediency required that a number
“of possible propellants be cconsldered in a short time, s high degree
of certeinty was sacrificed in obteining some of the data. The
results, nevertheless, provide & cholce from which propellant combl-
nations may be selected for further research.

RESULTS AND DISCUSSION

Sumnaries of the ignition-delay data are so presented in
tables I and IT that estimates of the ignitabllity of the various
propellant combinations may be mede. For each propellant combination
the maximum end minimum ignition-delay intervals at one or more tem=
peratures are presgénted in order to Indicate epproximately a range
in time over which ignition may be expected. As a further aid to
such estimates, the geometric average of the ignlitlon~-delay intervals
at each of these temperatures is presented and the number of firings
1s indicated. Geometric averages were used inasmuch as In some cases
the 1gnition-delsy intervals variled with temperature in an approxi-
mately exponential mamner. The spreads in ‘temperature over which the
groups of data are averaged are small (less than 10° F total spread
for 90 percent of the data). Approximete kinematic viscosities at
-40° F and specific gravities of some of the fuels are given in
table III.

1395
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Comparison of propellants. - Several firings were made with crude
N-ethylaniline and the laboratory-prepared acild at subzero and moderate
temperatures in order to establish the behavior of a fusl known to have
poor ignition characteristics at low temperatures in a rocket engine
(reference 1). Ignition characteristics of & number of other fuels and
Tuel mixtures wers Investigated by two or more firings at approximately
-40° F, Scme of these fuels were selected because of (1) apperent
ignitability at subzero temperatures, (2) probeble commercial avall-
ability, and (3) fluidity (low viscosity) at subzero temperature; the
selected fuels were then Investigated more extensively over a tempera-
ture range of approximately 80° to -40° F.

With the laboratory-prepared mixed acid the following fuels (in
estlmated order of decreasing igniteblility) investigated over the tem~
perature range of approximately 80° to -40° F tended to ignite more
readlly than crude N-ethylaniline (composition is given in percent by
volume):

70=-percent furfuryl alcohol plus 30-percent crude N-ethylaniline

63~-percent fwrfuryl alcchol plus 27-percent crude N-ethylaniline
and lO0-percent methanol

70=percent furfuryl alcohol plus 30-percent xylene

35-percent furfuryl alcohol plus 65-percent crude N-ethylaniline

90-percent commercial gum turpentine plus 10-percent propylene
oxlde

Pure N~-ethylaniline

Camnercial gum turpentine

In a limited number of experiments at low temperature (approxi-
mately =-40° F) the following fuels also showed shorbter average ignition-
delay intervals than crude N-ethylaniline (composition 1s given in
percent by volume unless otherwise noted):

Furfuryl alcohol

95-percent commercial gum turpentine plus S5-percent propylene
oxide

S0~percent crude N-ethylaniline plus SO-percent 2,5-dilmethylfuran

70-percent crude N-ethylaniline plus 30-percent 2Z,5-dimethylfuran

70=-percent turpentins plus 30-percent propylene oxide

95-'perc’:e:31t crude N-ethylaniline plus S-percent pyrogallol (by
welght

80-percent turpentine plus 20-percent wvinyl isobutyl ether

85-percent crude N-ethylaniline plus l15-percent furfuryl alcohol

Turpentine saturated with p-phenylenedismine

95-percent pure N-ethylaniline plus S-percent pyrogallol (by
welght)

SO
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95-percent pure N-ethylaniline plus S5-percent di-tert-butyl
peroxide (by weight) )
35-percent furfuryl alcohol plus 65-percent xylene

The following fuels, Investigated wlth commercial mixed acid,
(teble II) ignited more readily then crude N-ethylaniline with com-
mercial acld at both room and subzero temperatures:

Mixed butyl mercaptans
70=percent furfuryl alcohol plus 30-percent crude N~ethylaniline

As showm by tables I and II, crude N~ethylaniline lgnited in a
more relleble manuner with commerclel mixed acid than wlth the
laboratory-prepared mixed acid, With commercial mixed acid (table II)
mixed butyl mercaptans and 70-percent furfuryl alcohol plus 30~-percent
N-ethylanlline showed tendencles toward shorter ignition-delay inter-
vals at subzero temperatures than at room temperatures. Differences
in the behavior of crude N-ethylaniline and 70-percent fwurfuryl aloohol
plus 30-percent crude N~ethylaniline with commerclal mixed acid and the
laboratory-prepared mixed acid, respectively, indicate that signlficant
effects on ignition-delay characteristics mey he produced by small
differences in the compositlion of the aclds.

Although tendencies for ignition~delay Intervels of propellant
combinations to decrease with decreasing tempersture (table II) are
unusuwal, such trends for 70-percent vinyl-ethyl ethers plus 30-percent
aniline and 85-percent vinyl ethyl ethers plus lS~percent anlline,
respectively, with nitric acid have been reported in generally unavall-
able German literature. Data of reference 10 show that the reaction
rate of gaseous propane and oxygen at low pressure Increased wlth
decreasing temperature within a definite temperature range; suppres-
sion of chaln reactions at high temperatures may be a posslble expla~
nation., In the case of certain rocket propellants, however, a pre-
liminary geseous evolution (fig. 2(b)) possibly accentuated at higher
temperatures may dlsperse or expel a portion of the propellants from
the reactlon vessel before they are completely in contact, thersby
creating conditions that may increase the ignition-delay intervals
as they are measured. :

Viscositles. -~ The date presented indicate that & number of pos-
sible rocket fuels exist that at temperatures ag low ag -40° F not only
appear to ignite more rellably with mixed acids than crude N-ethylaniline
(tables I and II), but also (as indicated by the kinematic-vlscosity
data of table III) are more fluid. Examples of such fuels are mixed
butyl merceptans, commercial gum turpentine, pure N-ethylanlline, and
70-percent furfuryl alcohol plus 30-percent xylene., Blends of 30- and

L= S
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S0=-percent 2,5-dimethyliuran in crude N-ethylanlline and 35-percent
furfuryl alochol in Xxylene also showed relatively low viliscosities at
low temperaturs.

Applications. ~ Rocket-engine starting experiments (reference 1)
qualitatively substantiate some of the results presented. The sporadic
behavior of crude N-ethylaniline with mixed acid at low temperatures,
ag observed from the ignltion-delay experiments, was also apparent in
reference 1., The short ignition delays, as determined by these experi-
ments for mixed butyl mercaptans, 70-percent furfuryl alcohol plus
30-percent crudes N~-ethylaniline, and commercial gum turpentine with
mixed acid as oxidant, were conflrmed by the rocket starting experi-
ments wherein all these fuels gave satlsfectory starting at low pres-
sures and temperatures,

SUMMARY OF RESULTS

The ignitlon-delay lntervaels of a number of possible rocket fuels
with mixed acid (nitric plus sulfuric) at subzero temperatures were
experimentally investigated. Several fuels, which appeared to ignite
more satisfactorily than crude N-ethylaniline (monoethylaniline) at
temperatures spproximetely -40° F, were investigated at various other
temperatures over the extended range of approximately 80° to -40° F.
The followlng trends were observed:

1., With a leboratory-mixed acid the following fuels, investigated
over the tempersture range of approximately 80° to ~40° F, tended to
ignite more satisfactorily than crude N-ethylaniline (fuels listed in
estimated order of decreasing ignitability):

T0=-percent furfuryl alcohol plus 30-percent crude N-ethylanlline

63~porcent furfuryl alcohol plus Z7-percent crude N-ethylaniline
and 10-percent methanol

70=percent furfuryl alcohol plus 30-percent Xylene

35=percent furfuryl alcohol plus 65-percent crude N-ethylaniline

90-percent commerclal gum turpentine plus lO-percent propylene
oxlde

Pure N-ethylaniline

Commerclal gum turpentine
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2, Of the fuels Investigated wlth commerclal mixed acid, mixed
butyl merceptans and 70-percent furfuryl alcohol plus 30-percent crude
N-ethylaniline produced shorter average-ignition-delay intervels at
both room and subzero temperatures than did crude N-ethylaniline,

Lewis Flight Propulsion Iaboratory,
Natlonal Advisory Commititee for Aeronautics,
Cleveland, Ohlo,
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TABIE I - STMMARY OF IGAITION-PELAY DATA OF SEVERAL FUELS WITH LABORATURY-PREPARED MLIXD ACID AT VARIOUS TEMPERATURES

W

70-paroent £,5-dimethylfuren

v Average Taniticn-delay interval
of ‘temp- (aeo)
Fagl firings | sTatus
(percent by yolume) {9F) Minimm Max imum Gecmetric -
. 2YErege Regarks
Crode N-ethylaniline (sonoetbyl- 3 -45 3000105 839x10"3 500x10"3- | wo ignition, 9 trials ba-
eniline) 4 ~37 62" 732 238 tveen -10 and -50° F
1 -29 a9 258 132
2 -7 239 265 =52
2 22 &l a3L 119
6 18 50 240 144 ,
E Crude Negthylaniline drisd over 2 =55 348 584 450
X potassiom hydraxide
i Crvde W-ethyleniline, batch digtilled 2 - B Bt ~wrw=—w- | No- ignition
Cruds N-etihyleniline, batch dimtilied 2 -35 - . No ignition
and dried owver potaseimm hydroxide
85-porcent orvfls N-otiylaniline plus | 4 -38 16 - 80
15 ~parcent farfuryl aloohol 1 l ﬁ r
85-percent cruls N-ethylaniline plua 2 4z | se T 72 R
BH-parcent furfuryl aloohol ; 3 26 , k14 48 43
- 2 3 a 43 2 |
. 2 73 33 0 4 .0
| 30-poroemt cruds N-sthyleniline plus § 3 -43 & | 18 | s | _
70-percent furfwryl alochod {fresh 5 41 18 88 43 R
- solntien) - -32 a2l . 45 . 28 4 i
P , o o2 l 134 oez ff oar ff DR
I ' U T L - I 18’ 5 \ 26
3 5 ‘79 L. 18 43 23 L
(6 and 10 days after mixing) 8 | -3 38 109 . 56 !
| 27-percont ocruls N-ctiglaniline plus | 5 i 20 .80 AN o
""  63-percent furfuryl alcohol mpd 3 ~24 2. 40 27 !
10-peroent mathanol 3 3l is 3l 2L .
2 . B 14 28 19 ¥
.+ 90-percent cruvie N-sthylaniline plune [ 4 | -40 - F Sporedic :|.én.12tion .
. 10-percent 2,5-dimethylfuran . - : . k¥ .
.
. T0-percent crude N-sthylaniline plus |' 2 ~36 55 Bl &7 r
. 30-perosnt 2,5-dimethylfuran It
| 50-porcent crwie N-sthylaniline plus | 3 -1 54 0 7 5
S50-percent 2,5-dimothylfuran 4 .r : | ] ]
3)-percent orude N-gthylaniiine plea 2 | -4z | Flanmlems arplosions
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il

dad )

Bﬁwparean:t ornde l—eth:].nnil:l.m ]:lnu
§-pavoent pyrogailol (uy weighi}

20-percant arude N-ethylanilins pl
10-percent pyrogallol (by uaisht)

§0-percent arude N-e ;glu
10-percent cetechol (by wedght

85 ~paroent orade N-pthylaniline plus

ma-nargant ar

S-paroont resoreinol (Wy welgnt)

B8-paroeut orude N-sthylaniline plus
2-percent 2,4,8-trinitroraszoroinal
{by waight)

Oruds N-ethylanilins saturatsd with
prphenylenadismine

90~peroant oruds N-sthylaniline plus
10-percant; sthanolmuine (by welgit)

90-paroont crnde N-ethyleniline plus
10-perceut Z2-mmino-2-methyl-
1-propancl (by weight)

S0cnarosnt orufls Nesthylandiins ..1..-
eU=pETCEI OTUuS o=5

10-percent pyridine “fb: wuidﬂi

85 -peroent crude N-sthylaniline plus
6-porcont morpholine {by welght)

95-paroent orude N-sthylsniline
E-percent methylal (by weight)

86 -peroont crude N-othylaniline plus
Sepsrosmt di-tert tutyl poroxide
(by wolght)

95 -porvent crule H-aﬂﬂlunﬂ_‘lm T
5-paroexrt azoxybeazene (by waiuht)

90~peruub oruds I-o‘hha‘lanﬂ.‘lne plus
10=peroant propylsns oxids oy
wolght)

[2-]

(-]

-36

~38

-42

-4z

5

'S
™

4

s2x10-3
21

174

1BEx1070

492

Bporadic ignition

¥o ignition

Sporadic ignition

poredic ignition

No ignitlon

Fo lgnition
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TRMPERATURES
¥owber | Aversgs Ignition-delay interval W
of tentp-~ (zec)
Tusl firings| erature :
(porcent by volume) (°r) Mintmm | Meximm | Geomstric
average Bemarks
95-percent orude N-ethylaniline plus 2 -38 - - Sporadic ignition
5-percent pioric acid (by weight) | '
98-pervent crude N-ethylaniline plua 2 =36 - . Sporadic ignition
2-percent eluminmm ethoxide (by
weight)
30~-percent crude N-ethylemiline pius 2 36 : Flemslsosa exploalona
70-percent torpentine
Pure H-sthylaniline 8 40 | 6ax1073 | 12841073 83x10~3
4 -4 43 88 54
é, 3t 39 78 60
3 73 3 63 50
85 -percent pure H-ethylemiline plus 5 ~38 54 178 96 .
5-percent nyrogallel (by veight)
95 -percont pure N-ethylaniiine plus 3 32 98 209 146
S-percent resorcinol (by weight)
85-percent pure N-sthylaniline plus { 2 -37 ez } s 98| !
S-percsnt di-tart-butyl percxide L
(by weight)
Pure N,i-diethylaniline i 2 % i 153 r 175 A 164
Furfuryl alcohol 2 33 ®x10°3 |  56x10-3 44x10-3 | .
70-percent Furfuryl alcchol plus 7 -40 e |, 1m0 ) ' :
30-percent xylene 5 -2 26 188 48
0 2 % 26 43 33
2 14 39 52 45
35-percent furfuryl alcohol plus 3 -32 92 i 101
&5~percent xylens
Iylens . 2 -36 — - No ignition -
, 2. 2, 75 - i N - "} Nox ignition B
j . I
Ed 3 L}

. _ ’ - .l ) . |cnm' - !L

ot

"E'VI
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Commerciel gum turpentine

98-pervent turpentine plve
2-peroent propylene axide

95-percent turpentine plus
S-percent propylens oxide

90-percent turpentine plus
1C-parcent propylens oxide

70~peraent turpsntine plos
30-percent pronylens oxide

90-paroent twrpentine plos
10-parcent 2,5-dimsthylfuran

70-percent turpentins pius
20-percent 2,5-dimethyliuran and
10-percent propylens oride

70=-percent turpentins plus
15-parcent 2,5-dimethylfuran and
15-parcent pronylans oxide

80-porcont turpentines nlos
10-percent 2,5-dnethylfuren and
10-percent propylens axide

Tb~parcent turpentine plus
15-parcent 2,5-dimethy)lfuran and
10-percent vinyl isobutyl ether

80-peroent turpentina plus
20-poroont vinyl imobuabyl ether

Turpentine saturated with p-phenylene-
dimeine

-

a-Pinens (comtiaining inhibitor)

(2]

I

00NN

-39
-3
24
73

~38

-5

~-40
-7
T4

-42
-13

-38

~-40

-36

-5
-2l

62x10~3 99x10-3 772103
78 85 aL
54 191 a7
29 89 i“
53 62 57
47 aL 83
") 57 53
40 64 54
67 21 78
78 94 5]
72 136 99
79 85 83
19 102 20

107 117 1z

Flaneleas explosions

Sporadic ignition snd
flemslsas axrploalons

Sporadic Ignition

Flamaleas explosions

Sporadic lgnition and
flemploss explosilona

Flemnleas explosions

Fleneleas sxploslons
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TABLE IT - summnﬂy OF IGNTTION-DELAY DATA OF SEVERAL FUELS WITH COMMERCIAL MIXED
ACID AT VARIOUS TEMPERATURES

Rumber Avel-'asa Ignition—delay interval -
) “of tempera-] (sec)
firings [ ture
Fusl (°F) | Minimum | Meximm | Geometric
{percent by volume) average
Crude N-ethylaniline 11 36 | 14431070 34131070 | 22011070
11 -30 138 350 22z
10 -14. 129 242 176
9 11 | 126 406 178
5] 25 120 198 152
6 31 82 134 112
8 76 64 97 18
70-percent. furfuryl alcohol plus | 10 ~-36 9 9), 31
30-percent crude N-ethylanilfne [ 1L ~30 7 43 24
- . 2 -22 | 19 35 28
; ] F' 1§ B oz a9r 1} 43
" Mixed butyl mercaptans 3 | -55 16 39 22
8 -39 "9 .57 .23
16 30 | 9 62 23
51 66 28 49 3E
: dl-Limonene 2 . =51 ' (a) (a) (a)
2 Jo-2s [ () () 'F ()
2 T0 - 95 119 1106
r— &
bSporadic ignition. ‘
1 |
' T i K
I T e - w

81

gg
&
b
&
5
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TAELE IIT ~ APPROXIMATE KINEMATIC VISCOSITIES AT TEMPERATURE OF
-40° F AND SPECIFIC GRAVITIES AT ROOM TEMPERATURE OF SEVERAL

ROCKET FUELS
Fuel Kinematic Specific
(percent by volume) viscosity gravity et
at -40" F room tem-
(centistokes)| perature
Crude N-ethylaniline 90 0.97
Mixed butyl mercaptans 1.3% .838
Commerclal gum turpentine 8.8 .87
35-percent furfuryl alcohol plus 9.2 .98b
65 -percent xylene '
70-percent furfuryl alcohol plus 51 1.05P
30-percent xylene
50-percent 2,5-dimethylfuran plus 11 .94b
SO0-percent crude N-ethylaniline
30-percent 2,5-dimethylfuran plus 20 .95D
70-percent crude N-ethylaniline
Pure N-ethylaniline . 44 . 966
63-percent furfuryl alcohol plus 125 1.05b
27-percent crude N-ethylaniline and
10-percent methanocl
15-percent furfuryl alcohol plus 130 .99b
85-percent crude N-ethylaniline
35-percent furfuryl alcohol plus 180 1.03P
65 -peXcent crude N-ethylaniline
70~-percent furfuryl alcohol plus 228 1.08P
30-percent crude N-ethylaniline
Furfuryl alcohol ' 224 1.13¢
8Date from reference 6. |‘I
PEgtimated from date of reference 1l.

CData from reference 1l.
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Plgure 1, - Apparatus for determination of sponteneous ignition-delay inferval of rocket
fuel-oxidant combinations at various initial temperatures.
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(b) 70-percent furfuryl alcohol plus 30-percent crude N~ethylaniline with commercial
mixed acid. '

C+25160
(c) Crude N-ethylaniline with commercial mixed acid.

Figure 2. - Positive enlargements from frames of high-speed silhouette motlion pictures
showing behavior of inert liquids and rocket propellants at room temperature during
f£irst 0.003 second of timed interval.(Ignition occcurred scme time after beglmming of

preliminary nonburning reactions shown.)
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Figure 3. - Comparison of ignitlon-delay intervels of crude N-ethylaniline and

T0-percent furfuryl alcochol plus 30-percent crude N-ethylanlline with laboratory-
prepared mixed acid as functions of temperature.
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